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Abstract 

We consider a new approach for taking into account the dependence of asym- 
metry Ai. This approach is based on the similarity of the behavior and the shape 
of the spin-dependent structure function gi{x, Q^) and spin averaged structure func- 
tion F3(x,Q2). 



An experimental study of the nucleoli spin structure is realized by measuring of 
the asymmetry Ai{x, Q^) = gi{x, Q'^)/Fi{x, Q"^). The most known theoretical predictions 
on spin dependent structure function (SF) gi{x, Q^) of the nucleon were done by Bjorken 
and Ellis and Jaffe for the so called first moment value Ti = Jq gi{x)dx. 

Studying the properties of gi{x,Q'^) and the calculation of the Fi value require the 
knowledge of SF function gi at the same in the hole x range. Experimentally asym- 
metry Ai is measuring at different values of for different x bins. An accuracy of the 
modern experiments 0-0 allows to analyze data in the assumption that asymmetry 
Ai{x) is independent (i.e. SF gi and Fi have the same dependence) 
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Figure 1: The contributions to the structure 
function of the neutron from the valence 
quarks and from the sea quarks and gluons The 
shaded and hatched areas represent the total un- 
certainties on each quantity. 
P and 0, respectively). 



A(x,g2) = Ai(x) 
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But the precise checking of the Bjorken and 
Ellis - Jaffe sum rules requires considering 
the dependence of Ai or gi. Moreover, 
the assumption (1) does not follow from the 
theory. On the contrary, the behavior of Fi 
and gi as a functions of is expected to be 
different due to the difference between po- 
larized and unpolarized splitting functions. 

There are several approaches (see [^] 
and references therein) how to take into ac- 
count the dependence of Ai. They are 
based on different approximate solutions of 
the DGLAP equations. Some of them have 
been used already by Spin Muon Collabo- 
ration (SMC) and E154 Collaboration in 
the last analyses of experimental data (see 
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In this paper we review another idea 
which is based on the observation in 
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Figure 2: The structure function xgi{x,Q'^) 
evolved to = lOGeF^ 

using our Eq.(2), the 
assumption that Oi/Ff is independent, and 
exact DGLAP next-to-leading evolution. 



that the splitting functions of the DGLAP 
equations for the gi and and the SF 
shapes are similar in a wide x range and, 
thus, their dependences have to be 
close as a consequence. Our approach for 
Q^-dependence of Ai is very simple (see 
Eq.(^) and leads to the results, which are 
very similar to ones based on the DGLAP 
evolution. 

To demonstrate the validity of the ob- 
servation, we note that splitting functions 
in the r.h.s. of DGLAP equations for nons- 
inglet (NS) parts of gi and F3 are the same 
(at least in first two orders of the perturba- 



tive QCD) and differ from Fi one already in the first subleading order. For the singlet (S) 
part of gi and for SF F3 the difference between splitting functions is also negligible (see 
TT[|). This observation allows us to conclude that the ratio of the SF gi and F3 should 
be essentially independent. 
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and the asymmetry Ai at some can be defined than as : 

F3(x„Q2) Fl(a;„Q2^ 



(2) 



Ai{xi,Q' 



F3(x„Q2) Fi(x„Q2 



(3) 



where Xj {Qf) means an experimentally measured value of x [Q"^)- 

In principle, independence of the Al{x) ratio can be violated at small x values, 
because the SF F^^x) has only nonsinglet structure and the SF gi{x) contains gluon and 
sea quark contributions. We note, however, that 

• in polarized case the gluon and sea quark contributions are not so large even at 
modern small x values (see Fig. 1 which is taken from |^): only at x < 10~^ these 
contributions start to be dominant. 

• The double-logarithmic estimations of small x asymptotics for the SF gi and F3 



F3 

0.4 and as ~ 3/2aj^s 
polarized components. 



~ X "^■^ and gi{x) ~ a; "s, given in [0, lead to the results: a^s 



0.6, that supports a similarity of nonsinglet and singlet 



We note that the estimations in [jT2| have been given at small values. However, as it 
was shown earlier in [1^ and [0, respectively, the values of qns and as should be nearly 
Q^-independent, that is supported also by recent fits (see [|l^ and references therein). 



To apply the proposed approach we use the SMC data (the SLAG f^, |^ data have 
been considered in We parameterize GGFR data on F2{x,Q^) and xF^i^XjQ"^) [|16| 
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and take also the SLAC parameterization of R{x, Q ) [0 to obtain structure function 



Fi(x, Q"^). We use in Eq.(|]) parameterizations of CCFR data [|T^] for both SF xF^{x, Q^) 
and F2{x,Q'^) to avoid systematic uncertainties and nucleon correlation in nuclei. 



The SF gii^XjQ"^) is calculated using the asymmetry Ai{Q^) as 

g,ix,Q')=A,{x,Q')-F,ix,Q'), 



(4) 



where the spin average SF Fi has been calculated using NMC parameterization of F2{x, Q^) 
T7[| . The results are presented in Fig. 2. Our results are in very good agreement with 



the calculations based on direct DGLAP evolution. 

To make another comparison with the 
theory we have calculated also the first 
moment value of the structure function gi 
at different Q^. Using Eq.(|^), we recal- 
culate the SMC measured asymmetry of 
the proton and deuteron and E154 one 
of neutron at = iqo GeV^ 30 GeV^ 
Q2 = 10 GeV^ and 3 GeV^ and get the 
value of / gi{x)dx through the measured x 
ranges. To obtain the first moment values 
we use an original estimations of SMC 
and E154 for unmeasured regions. In Table 
we present the results for the mean values 
of rf — F", because the errors coincide with 
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Table: The mean values of 



the errors of original analyses [§-0. The value of F^* 
direct DGLAP evolution are taken from article IBH. 



F^ at Q2 = 10 GeV2 obtained by 



Let us now present the main results, following from the Table and the Fig. 2. 

• The results are in very good agreement with gi{x, Q^) data of SMC, based on direct 
DGLAP evolution. So, the suggestion about independence of the Al ratio leads 
to correct results in simplest way. 

• Our method allows to test of the Bjorken sum rule in a simple way with a good 
accuracy. Obtained results on the — F" show that used experimental data well 
confirm the Bjorken sum rule prediction. 

• A violation of A^^-scaling in (future) experimental data will demonstrate large 
gluon and/or sea quark contributions to SF (yfi(x, Q^). Then, the check of de- 
pendence of Al ratio should be very useful for an indication of large contributions 
of gluons and sea quarks in future polarized experiments. 
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